sometimes even more, especially when multiple platforms are used [5, 6] . However, there 78 is a drawback to this sensitivity: many of the molecules detected in a metabolomics 79 sample are not actual metabolites, but are due to various isotope peaks, fragments, and 80 chemical derivatives formed during the ionization procedure. These derivative molecules 81 may be present in small amounts, but they hugely increase the complexity of the data, as 82 illustrated in Figure 1 . Each real metabolite can give rise to dozens of peaks 83 corresponding to derivative molecules ( Table 1) . As a result a mass spectrum often 84 contains over a thousands peaks, of which only a fraction is of interest for the biological 85 research question at hand. Furthermore, the redundant detection of some molecules in a 86 large number of derivative forms causes problems for the statistical analysis of the data. for XCMS [7, 14] and the mass spectrometry analysis pipeline developed in our group [15] . 106
Here we evaluate the power of the peak filtering approach by applying it to a dataset 107 collected in a highly complex biological matrix. We show that removal of derivative 108 peaks greatly reduces the complexity of the spectra, substantially enhances the number of 109 identifiable compounds, and consequently speeds up and simplifies the interpretation 110 process. 111
Experimental

112
Mass spectra were obtained on an LTQ Orbitrap mass spectrometer, coupled to a ZIC-113 HILIC liquid chromatography column. Samples were based on whole-cell extracts of the 114 protozoan parasite Leishmania donovani; three strains isolated from Nepalese visceral 115 leishmaniasis patients were studied. Four biological replicates of each strain were 116 harvested and all samples were measured twice (technical replicates). Data were exported 117 in centroid mode and processed using standard procedures for time alignment, calibration 118 and peak finding to generate mass tables of matched observations across samples [15, 16] . 119
For each mass, the set of original mass chromatograms was also retained, allowing for 120 subsequent identification of putative derivative relationships. pair-wise correlations is used as the peak-shape likeness score. Secondly, correlated 140 intensity profiles across samples are a strong indication of relatedness. This is particularly 141 powerful when a large number of biological and technical replicates are available. When 142 both correlations (peak-shape correlation and intensity correlation across samples) exceed 143 a user-definable threshold, the two sets are labeled as potentially related and collected in 144 a cluster. For chromatographic techniques resulting in a uniform peak-shape for all 145 analytes, the peak-shape statistic will always result in a high score; the approach will then 146 rely solely on the intensity profile correlation. In such an extreme scenario the 147 methodology is likely to result in a higher false positive rate. 148
The overall procedure is outlined in Figure 2 . The algorithm iterates through the 149 list of mass chromatogram sets by first selecting the most intense mass chromatogram set. 150
The retention time of this mass chromatogram set (i.e., the mean retention time of the 151 mass chromatograms in the set) is used to locate all co-eluting mass chromatogram sets 152 using a definable window (e.g. +/-30 seconds). The two-correlation approach is 153 subsequently used to determine whether any of the co-eluting mass chromatogram sets is 154 related to the set of interest. This approach differs from the strategy suggested by 155
Tautenhahn et al. [7] , in that it is "greedy" and does not limit itself to expected physico-156 chemical relationships. Identifying these relations can be done subsequently by 157 annotating the derivative peaks using 
Results and Discussion
164
A total of 1150 aligned sets of mass chromatograms were detected (Figure 4) . After 165 application of the two-correlation approach described above, 697 peak sets (61%) were 166 found to be related to another set. Commonly found derivatives included: isotope peaks, 167 centroid artifacts, n-mers, and a number of common adducts. All relationships were 168 validated by manual inspection. Matching to the contaminant database revealed that a 169 total of 164 sets (14%) could be attributed to HEPES and its derivatives, which is a main 170 component of the buffer used in the cell culture experiments. Validation of all the related 171 sets of the HEPES buffer revealed that no other molecule was detected at the same 172 retention time (i.e. the buffer used up all the ionization energy). 173
A strong argument for the success of the method was obtained by quantitative 174 database matching. Figure 5 shows that the fraction of putatively identifiable peaks 175 noticeably increases when the putative derivatives are removed, while the total number of 176 peaks that need to be explored is strongly reduced (note that all discarded masses are 177 retained in separate files and can be examined manually to ensure that no authentic 178 metabolites were discarded). A further substantial enrichment of identifiable metabolites 179 is obtained when additional quality control filtering is applied -in the present case this 180 was done by using data from an independent replication of the entire experiment. Only 181 masses that were reproducibly found at the same retention time in both sets of biological 182 replicates were retained. This additional reduction resulted in 115 replicable peaks, of 183 which 80 could be assigned putative identities. 184
The manual evaluation found that the correlation method fails in very crowded 185 areas of the chromatography. In our setup this was true for the first two minutes of 186 chromatography, where a large number of compounds not binding to the column are 187 flushed out. The number of peaks in this region is very high, increasing the likelihood 188 that both the peak-shape and cross-sample correlation pass the threshold by chance. In 189 this situation, either not using the approach or applying an additional filtering step based 190 on expected physico-chemical relationships can be helpful to avoid missing authentic 191 metabolites. The peak caused by the metabolite of interest in a cluster can not be assigned 192 a priori, as the most intense signal is not by definition caused by the metabolite of 193 interest. In the Leishmania dataset we found that for some metabolites a derivative 194 (putatively identified as the dimer) resulted in a higher signal than the metabolite itself. 
343
As the data is progressively reduced, the number of identifiable peaks through mass-matching against 344 metabolite databases, increases. The final reduction, which removes all non-reproducible peaks, leads to a 345 dramatic rise in the fraction of peaks that can be identified by matching to metabolite databases. 
